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Monotropa is described by Asa Gray^^^ as destitute of 

chlorophyll and as growing parasitic on the roots of trees, i 

says there are two species, uniflora and hypopitys. Uniflora 
is waxy white, ^rows three to si : inches high, and bears a ii^ 

gle nodding flowar of five petals and ten stamens. Hypopitys 
is downy, and tawny or more reddish in color, and grows from 
four to twelve inches high. It has several small flowers. 
The leaves of both speciss are so rudimentary as to be oetter 

described as scales. 

Empryosac and Endosperm of Monotropa. 

(2) 
Strasburger ' did his work on Monotropa hypopitys and 

prior to 187/. His sectioning was ''free-hand" and his f i cing 
and stainiag material was osmic acid applied to the specimans 
after they were mounteo undar the cover-glass in water or often 

a solution of sugar ia water. He said that the transparency of 
itonotropa makes it valuable for study of the embryosac. The 
ovules are numerous and anatropous. The nucellus consists of 
a single layar of cells surrounding a very Isirge cell the nu- 
cleas of which is the proembryosac nucleus. As the ovule de- 

(i) Gray's School and Fi^3ld Book Of Botany. 
(2) Dr. Edward Strasburger Bufruchtung und Zelltheilung, 
pp., 33 and 70$ figures 10 5 to 140, plates three and four. 
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velops, the cells surrounding the proembryosac call are compress- 
ad latersdly and their cell-Kails at their ends disappear. 

The resulting nucellar tissae ,as a homogeneous appaaxanca. 

At the:same time that the nucellar cells are undergoing 
this change, the proemoryosac nucleus dividas. Imme lately 
the daughter nucleus which is nearer the micropylar end of 
the ovule, divides thus producing three nuclei in the proem- 
bryosac cell. The last two nuclei formed, those nearer the 
micropylar end of the ovule, and a part of the protoplasm are 
now surrounded by cell walls and are thus cut off from the large 
body of the proembryosac cell. What is left of this cell is 
much the greater part. It contains the third of the three 
nuclei mentioned above and is called the embryosac. ^g 

growth proceeds, thess two micropylsu: cells axe pajtly absorbed, 

and the remaining part forms a cap at the micropylar end of 

the emoryosac. This cap is darrc colored because it refracts 

the light strongly. 

T e nucleus of the emoryosac now divides. The daughter 

nuclei so produced taie positions, one at the chalazal and the 
other at the micropylar en of the emoryosac. Each of these 
nuclei now divide and immediately their daughter nuclei divide; 



(DStra^oir.ger . I.e., Fig. lOo. 



3. 
but in a plsme at right angles to the nei.t previous division.. 

These divisions produce eight nucleij four at either end of the 

embryosac. TTee of the nuclai at the micropylair end are now 

cut off from the other parts of the emoryosac by memoranous cell 

walls, and so Dacome cells in the emoryosac. Two of these three 

cells nearer the micropylar end of the emoryosac are the synargi- 

daej the other is the egg cell. These three calls together 

are known as the egg app stratus. Three of the four cells at the 

chalazal end of the embryosac are also surround 3d by cell walls 

and these are known as the antipodal cells. The fourth nucleus 

(1) 
of the micropylar and chalazal groups are called polar nuclei. 

Each of these polar nuclei now move toward the center of the 
embryosac, where they unite and form the endosperm, or embryosac 

(2) C^) 

nucleus. Strasbui^er ''^ says that he has never met with a 

reduction of the syn^rgidae to one in Monotropa but sometimes 
it appears as though there Were only one synergid present. 
This he thinl^s is due to the view secure d of the emoryosac j 'it 

being such that one synergid is behind the other* 

At this point the egg-cell is ready for fertilization and, 

(4) 
if it ta.:es place as is represented by Strasburge r the endo- 



(1) Strasbur^er I.e., Fig. 117. 

(2) " " " 118-122 
(a) " " " 121. 
(4) " " " 125-129 
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inal protoplasm and forms the embryosac. The daughter cell 
Which is nearer the mioropylar ;:jnd of the ovule now dividas in- 
to two cells. A little l;ater these two cells becoma disorzan- 
ized and their remains become pushed up into considerable small- 

a 

er space dnd maika a refractive cap at the micropylar end of the 
embryosac* 

The nucleus of the embryosac* is <5ither the third or fourth 
nucleus arising from the proemoryosac nucleus; for Strasburger 
fails to give any account of one of the four nuclei which typi- 
cally rises' from the macrospdre-mother-nucleus. This embryosac 

nucleus now divides and a cell wall d eg ins to be formed between 



its daughter nuclei mailing two cells of the embryosac with the 
nuclei, one at each end of said sac* But before thin cell wall 

is well formed between the two nuclei, it disintegrates and a 
vacuole is formed between the said nuclei. After tais these 
daughter nuclei divide as in Monotropa antil there are four 
nuclei at either end -of the embryosac. 

The cells of the nucellus in Orchis often persist until 
there are two nuclei at each end of the embryosac; but at this 
point their nuclei and cell walls fade and the nucellus appears 

as a homogeneous tissue. As soon as the four nuclii are formed 



(1) Strasburger, I.e., Figs. .73-75. 



at cither end of the eiporyosac, the e^^ apparatus, the emoryo- 
sac nucleus, and the antipodal cells are former the same as in 
Monotropa. In Orchis pallens, Strasourger finds no devel- 

opment of endosperm further than the endosperm nucleus. This 

nucleus disintegrates during the early development of the embryo. 

(2) 
Strasourgdr thinks that Monotropa is as good as Or- 

chis or even better as material for study of the emoryosac, and 
is more easily securea. This is of course in consideration 
of his location and the methods at his command in 1877. He 
finds that the development of the emoryosac and eiLbryo is the 
same, even in almost all details, in the two plants? arxi thinks 
therefore that, since the pldints belong not only to different 
families out to different divisions of the Phaneroeams, his re- 
sults may oc of universal si^jnif ication. 

The Endosperm in My o sums mimimus, Pr it ill aria imperial is, 

ai^d Reseda odorata. 

The development of the endosperm in Myosurus minimus 

(3) 
is descrioed oy Strasbur2:er . His method is to kill anJ harden 

the ovules in alcohol ana then with needles dissect out the 



(1) Strasburger, l»c., p, 70. 
(£) *» " " 33. 

(oJ Dr. Edward Strasburger, Botanische Practicuii, p, 531 
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endosperm, which often in thia way may be gotten out in thin 

strips. In the embryosac of Myosurus which StrasDurger de- 
scribas, he finds a large one-call :id embryo. It is close to tli*^ 
the micropylar end of the emoryosac, and its cell wall is elon- 
gated malting it appesir live a tubular sac. Remnants of the 
synergidae remain and the amtipodal cells are in good condition. 
In this embryosac he finds a parietal layer of granular pro- 
toplasm in which there sire a numoer of fr^e nuclei all in the 
same stage of '.caryoiinetic division. in a sectional view 

these free nuclei seam to lie at regular intervals in a chain 
or string of protoplasm.. In a surface view the protoplasm 

appears as a sheet with the nuclei arranged at the same quite 

regular intervals. Later in the development progressiva 
cell division ta..es place in this parietal layer of protoplasm 
and free nuclai. One cell for each nucleus is formed. Prior 
to and during this process of cell formation in the parietal 
layer., other free nuclei are formed on all sides toward the 
center of the embryosac. This process of free nucleax divi- 
sion followed by cell formation is continued until the whole 

emoryosac is filled with endosperm tissue. 

(2) 
Strasturger has described free nucl aar formation 

(1) Strasburgar, I.e., 209, a. 

(2) " " p, 314. 



8. 
followed by cell formation as found in the development of the 
endosperm in Pritillaria impirialis. He fixed the entire 
tissue of the ovules by immersing them in absolute alcohol. 

Tnen, placing them in a mixture of one-half each of alcohol and 
glycerine, he wa^ abl a with needles to pick or tease out thin 
strips of the developing endosperm. For staining he used 
Haaiato-cylin and Ssifraain. He mounted his specimens in balsam. 
The strips of endosperm thus secured and stained came from 
the emoryosac in its earlier stages of development. All 
stages of the mitotic figure in free nuclear formation were 

found. StrasDurger represents in one figure spirem, eciuato- 
rial plate, diastral, dispirem, and cell-plate stages. This 

cell-plate soon disintegrates and has therefore nothing to do 

« 

(2) 
with the later development of the cell walls . The cells 

of the endosperm are finally formed by progressive cell divi- 

sion. 

(3) 
In Reseda odorata, Strasburger found the development 

of the endosperm much the same as in Pritillaria imperial is. 
Cell division is due to the formation of cell-plates in newly 
formed nuclear spindles. A cross-section of a seed in which 

(1) Strasburger, I.e., Fig., 218. 

(2) " " ^' 219. 

(3) " ' " ?•» 319. 
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trie endospern is fully developea shows a radial arrarif^esaent of 
endosperm cells. 

Strasburger says that from :*. study of Monotropa Hy^jop- 
itys, Myosurus minimus, and Fritillaria imperialis it may be seen 
that endosperm is formed in two general ways: in Monotropa v/e have 

cell formation in the endosoerm by ordinary cell division accom- 
panied oy inairect nuclear aivision, while ir 'lyosurus and Fritil- 
laria free indirect nuclear division takes i:)lac'e and is followed 

sometime afterward by progres:5ive cell formation. He says this 
is oecause in tne first case, as in Llonotropa, the increase in 
size in tue embryosac is ^uite slow and never lar;;:e, vrtiile in cases 
cases of free nuclear formation the embryosac grows /ery rapidly. 

Endosperm Formation in Taiois baccata. 

In his description of the embryology and endosoeru devel- 
opment of Ua'^us, Jager reorescnts one or scvv-ral embryosac-no ther- 

ceils in tie nucellus. Tue mother cells divide into three or four 
cells ana one of t^ese dau.'^htcr cells oecomes the f^mbryosac. Sone- 

times tiere are t/c en^ryosacs in one aAiletxit only one cores tomaturity. ^^ 



(1) Strasburger, I.e., p., 320. 

(2) L. Jager, BeitrPi>;e zur kertniss dfr EndoF^jerabildunK 

und zur Dnuryo logio von Tarus baccata. L. Plates XV-^^ IX, Flora 

(3) Jager, I.e., Fie-s. 7,8 and 10. tl . KV. (Atic^-. 1£39 



10. 

In this embryosac a numbdr of fr^e nucld are soon fonaed by In- 
diract division.^ These free nuclei occupy a parietal po- 
sition in the emoryosac. Jag-^r reprasants eight in one 
figure amd thirty two in another, but the number oacomas much 
greater* He mentions two hundred fifty-six. As these endo- 
sperm nuclei increase in numoer, the embryosac increases in 
size by encroaching on the nucellar tissue. The cells of 
the nuc^llus disintegrate as the embryosac enlarges. 

When the free endosperm nuclsi have increased to the 
number mentioned aoove, a single layer of parietal cells is 

formed with one nucleus in each. In section (these cells 

(2) 
are at first nearly square. But they soon become elongated 

toward the interior of the embryosac. They are now triangular 
with the more acute angle extending inward. The free nuclei 
have all been included in the formation of these cells, and 
now the nuclei of the cells migrate toward the acute angle. 

The calls grow larger and soon divide by the ordinary c^ll di- 
vision, the-nuclear division baing indirect. The new cell wall 
thus formed is tangential to the wall of the embryosac. These 
divisions continue until a row of cells is formed which e.c- 

(1) Jager, I.e., Figs., 12 and 13, p. 252. 
(2) " " " 13 " 17. 
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tends to the center of the smbryosac. Some of the original 
calls, however, do not divide because they lack room. Others 
divide only once or twice. Most of the cells are found to 

be smaller as one proceeds toward the center of the embryosax). 

(1) ,. 

Jager represents these stages of development in cross a:id 

longitudinal sections. All of the stages present a radial 

appearance, but more especially that in which the endosperm 

cells completely fill the emoryosac to the center. 

Toward the end of May the endosperm having grown so 
as to fill the embryosac, the archegonia are formjd in it. 
There may be two or three or mor ^ archegonia and two or three 
may oe fertilized; but it is very seldom that more than one em- 
Dryo finally developes. 

When fertilization has ta^en place, the endosp3rm cells 
increase in numoer repidly by division. The endosperm fills 
the enbryosac which continues to encroach on the nucellar 

tissue until all of its cells have disintegrated. A cylin- 
drical Dody of them which extends from the region of the ^i:n- 
oryo to the chalazal end of the endosperm are small j^r than 
the otners in otner parts of the emoryosac and they stain 
(1) Jager, I.e., Figs. 18-22, PI., XVI. 



more densely • It is prooable that this cylinder of endosperm 

cells has somethias to do with the transmission of nutritious 

(1) 
materials. 

(P) ^ 
At the end of Jun3 and the beginning of July, Jager 

noticed one and two nuclei in the endosperm cells. By the 

ninth, of July he could count three, four, five and six nuclei 

in some cells; and on the 28th and 30th of July, fourteen and 

si iteen. He saw the karyoKinetic figure in many cases and 

believed that all the nuclear divisions were indirect. The 

nuclei of these multinucleated cells were distinct in outline 
and shovr^d nucleoles clearly* At the oeginnin^ of Sept. these 
nuclei lost tueir distinct appearance and oecame massed to:^ether 
into two or three groups in each call. 

After fertilization the endosperm tissue oecame richer 
in protoplasm and charged with food ijiaterials. As the em- ^ 
oryo developed it used up some of the endosperm and especially 
that oetween the cotyledons. 

Materials. 

Most of my material of Monotropa hypopitys was furnished 

me by Dr» R. A. Harper. The ovul-js of Iris versicolor wjre 

furnisned by iilr« H. G. Timoerla-ce. In addition to these ovules 

.(1) Jag;r, I.e., p. 257 and .^i^s. 23,27. 
(2) " '' " 2c8. 
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he furnished me also a number of prepared slides of Iris. The 

material used in the study of Monotropa and Iris is more fully 
described below. 

The ovaries and ovules of the "Paper White" Narcissus 
Wc^re most of them collected at the greenhouse, Madison, Wis. in 
Nov. and Dec. 1899. In the collection of this material an 
attempt was made to secure young flowers, oldflowers and young 
fruits. But the search for endosperm in Narcissus was unsuc- 
cessful. The ovules seemed not to have develop 3d so far as 
to be ready for fertilization. Abortive materials only were 
found. The ovaries were found to oe easily sectioned so as 
to secure longitudinal sections of them. 

Ovaries of Impatiens Sultani were secured at the green- 

house oelonging to the Horticultural department of the Univ. 
of Wis. These spacimsns could without difficulty be section- 
ed so as to produce fin^ views of the emoryosacs. Very fev/ 
of the ovules, however, showed any positive- si?n of normal 
development. Ovaries of Lycopersicum esculentum were also 
securBd at the Univ. greanhouse. In these specimens the ov- 
ules ware pratty small to work withj 'and yet, if they could 
have been cut so as to produce a number of good longitudinal 
sections, they might have proved valuable. Radial sectioning 
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of the ovaries was tried; out even this method produced only a 



few longitudinal sections. 



Methods. 
Material was fixed in Fl ^mining; 's Stronger filing solution? 
in Flemmin^ ^s Weaker solution; in Merkel's f i cirg solution; 'and 
in Iridium Chloride. Those fixed in the Flaming and Merkal so-, 

lutions were satisfactory; 'all tissues were well preserved. 
The Iridium Chloride did not do so well. The objection to its 

use with these tissues seems to be that they are too old and 
firm on their surfaces, and too large for that solution to pen- 
etrate them readily. The specimens were left in the fixing flu- 
id 48 hours. Taey were taen washed in runaing water about 6 
hourS| and immediately afterward put through 15, 30, 50, 7:, 80, 
93, and 100 per cents of alcohol. They were not left in the 

lower and higher gradis of alcohol mors than 20 to 30 minutes. 

They were nov/ placed in a mi-iture of alcohol and chloroform and 

taen in pure chloroform. This was follov;ed by soft and then 

hard paraffin in. the paraffin ov3n. 

After imb3dding the ovaries, or the ovul .s separately in 

tae case of their bjing large, in paraffin, and cutting sections 

on tae microtome, the s-^ctions were fastened to the slide by a 
mi.'cture of the ivhit^ of an eg^ and Jlyc^rine. The specimans 
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war3 stained on tiie slide in Fiemming 's triple stain, aid mounted 
in balsam. By means of these msthods the tissues warcj well 
diff 3r3ntiated. One could easily distinguish cell walls, 
protoplasm, kinoplasm, nuclear membrane,nucl30las, ids, linin 



and chromosomes. 



Monotropa hypopitys. 



The ovules of ..lonotropa hypopitys grow on a central pla-, 

centa. They are small and anatropous and crowded together. 
Their longest a :es are in general at right angles to the main 

a^is of the ovary. Hence, a great majority of the ovules may 
ha cut longitudinally by making a cross-section of the ovary. 
The ovary, or pod, has five cavities. This and other struct- 
ural appearances, which a cross-section shows indicate that it 
arises from five carpels. 

Figures one and two represent an early stage in the 
development of the embryosac of Monotropa. In number two it is 
magnified 1000 diameters. The nuclei of the cells, a and b, 
according to Strasburger are the result of a division of one 

of the daughter nuclei of t'ae proembryosac nucleu- or, as Hof- 

. . (2) 

meisxer jn his work on the higher Cryptogams first called it, 

(1) Strasburger, Bufruchtung und Zell theilung. 

(2) Hofmeister, Germination, Developoiant and Fructification 

of the Higher Cryptogamia, and the Fructification of the Con- 
.iferae. Trans, by F. Currey. 
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the macro spore-mother -nucleus. These two cells, as the pro-, 

cess of davelopm^ait continues, disintegrate and become flatten- 
ed and pushed together fo ruing a dar.-c cap on the micropylar end 
of the emoryosac as at a in fip'ure 3, The nucl aus at c in 

figure 2 is the other of the two daughter nuclei of the mac- 
ro spore-mother -nucleus. This nucleus with a large quantity of 
kinoplasm and cytoplasm, and a few vacuoles, occupies the large 
cavity in the fi,^ure, the embryosac. The nucleus is in the 
equatorial plate stage of division and the kinoplasm is in a 

threadlilve condition froming a nuclear spindle. The end of 
the spindle whcih is toward the chalazal end of the embryosac 

appears to be multipolar* In this equatorial plate stage 
parts of many of the chromosoiu3S may D3 seen very distinctly. 
The dar'^ly stained portions of tissue on the margin of the 
emoryosac are parts of the tain nucellar tissue which se«3iis 
to have a great affinity for the gentian violet of the triple 

stain. 

When the division of this thip.d nucleus of the macrospore- 
mother-cell is completed the condition represented in figure 3 

is soon reached. The nuclei appv^ar in a resting condition, 

and the nuclear momtrana, the ids, and liniii may be S33n 

distinctly. This may be called the two-nucleated stage of 
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the embryo S2U2. Figure 4 also shows the two-nucleated sta^ej * 

outsli^^htly more advanced in development. The nuclei are in 

* _ 

the first stage of di^ision^ the spirem.  In thesf? the nucla- 

oles are qvite apparent. In figure 4 the light-refracting- ^cap 
is not so distinct as in f igxire 3. Figures 5 and 6 are rep- 
resentatives of the four -nucleated stage of the embryosac, 
each nucleus of the two-nucleated sta^e has divided to produce 
this four -nucleated sta^e. In figure 5 all of the nuclei lie 
in the saiu* straight line, the main axis of the embryosac. In 
figure 6 those nuclei at the micropylar end are in the main 
axis J out those at the chalazal end are in line almost at right 

angles to this a^is. 

As the eaoryosac continues to develops, wa hav^ the condi- 
tion represented in figure' 7. Here the four nuclei are in late 
stages of division. The on^ at a in its half nearer the chal- 
azal 5nd of the €2mbryosac shows the diaster stage very clearly; ' 
the others are in the dispirem staga. The cell plate is prom- 
inent i.i each of the four divided nuclei. The nucleus (o fig 7) 
nearest to the cnalazal end of the embryosac has the long axis 
of its spindle at right angles to the longest aiis of the mass 
of protoplasm in which it lies. This can be said of the nucleus 
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at the other and of the emDryossLC# But these last facts are 

contrary to Her twig's second law: "The two poles of the division 
figure coma to lie in the direction of the greatest niciss of 
protoplasm." Again, the pair of nuclei ( a and b fig. 7) 

nearer the chala^al end of the embryosac, and also the pair at 
the other end, have their division planes at right angles to 
each other within a few degrees. Since each of these pairs of 
nuclei arose from the division of a nucleus in their part of the 
embryosac, both nuclei of each pair can not have their plane of 

division at right angles to the plana of the ne:^t previous 
division. Hence, one of ^ach pair of these nucl^^i cannot con- 
form to ^^^Hertwig's third law: "The a<;is of the s^icond divisi- 
on spindle Would never in such a case place itself in the dirt.ct- 
ion of the presiding division spi.idle, but rather at right angles 
to it. " Figure 8 reprascnts about one half of an emoryosac 
of the same stage of development* In this the same relative 

position of the two nuclei exists; but ihey are not so near the 
microoylar ond of the sac, nor is their relation to the main 
a^cis tne same as in the other figure. The e^act position of 



(1) Dr. Oscar Her twig, The Cell, Trans, to En^. by 
H. J. Campoell, KD., p. 217. 

(2) Hartwig, I.e., p., 220. 
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the. nuclei in the embryosac does not s^^m to be important. 
•yiottier finds ia his study of the embryosac of the lily 
tnat the cell plates formed at this stage continue their de- 
Vcjlopmant and by means of them the cell walls of the synergidae 
and e?-; call are formed^ This does not se^m to oe the case 

in lionotropa; for in fi?;ure 9, which in a little later starve 
of tiie 'jmoryosac, these crll plati^s do not appear. 

i?i.^ures 9 and 10 represent the ei-^'ht-nucleatcd sta^'e of 

the sack. It apoears in two figures because what is repre- 
sented v/as found in two adjacent sections? and this is due to 
the fact that tue microtome sections of the ovule ware not 

» 

exactly lon^^i tudinal . Tne three nuclei which ar 3 prooaoly 
destined to oecome the nuclei of the synergidae and e.^^ cell, 
and the iDro tool asm which surrounds them are not enclosed in 
cell v/alls. ITae antipodal nulcei and their surrounding pro- 
toplasm are inclosed in cell v/alls, thus becoming cells. These 
nuclx^i ar--j dcjnse and small. One polar nucl ;as is oresent; ' 
also a part of the others. In figure 11 vr-i have r ^ooresented 
the greater part of the -^iiioryosac, the mic.ropylar .end b-jin?; 



t* _ _ «• 



(1) Jahrbucher fur Y^ss mschaf tcl Botanik, Vol., 31, p., 125* 
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present. In this the two polar nuclei have approached each 
other and 30*3 about to fuse. In figure 12 this fusion is rep- 
resented as having tal^en place; and in both of these embryosacs 
the cells designated as sysergidae and egg cell show distinctly 
a surrounding plasma-iiiejabraiie. There is, however, no indica- 
tion that fertilization has ta'^en place. Only one of the an- 
tipodal cells appears in figure 12. 

Very soon after fertilization has ta'rien place, the 
oospore becomes tubular and grows from the micropylar end of 
the emoryosac down into the same and close to one side, (fig 
13). This indicates that the embryo finally ta:es its place 
a^nong the endosporm cells (fig. 15, a)by growing around the en- 
dosperm cell nesirest the micropylar end of th'-e emoryosac and 
uo jetween the n^xt two endosperm cells; " and that the emoryo 
does not oreak through the v/all of the first endosperm cell 
as Strasourger thino,s. 

The syn-3rgidae ( fig. 13) have disintegrated, neither do the 
antipodal cells aoo.^ar» But the nucleus which was the result 
of fusion (fig. 12), the embryosac or endosperm nucleus, has 
divided (fia:. 13) and a c-11 wall has be )n out across the em- 



(1) 3:jfru(jhtang und Zell th jilun-^, p., 98 and fi;-. 140, PI . IV 
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bryosac separating the two resultin? nuclei and dividing th . 
emoryosac, asids from the euiDryo, into two cells. These are 



the first tv/o cells of the endosparm. Strasbur^er 



repre- 



sents this and the following divisioa of the endosp^jrin c^lls 
as indirect division, a division in which the mitotic figure 
is distinct and in which the call plate is continued to form 
the coll wall • 

Figures 14 and 15 represent the einbryosac at a sta'je 
in which the endospijrm is nearly or quite complete. The S3C-' 
tions give us a circular or nearly circular view of a body 
not in the c=;nter of the emoryosac out nearer the miorooylar 
end; Tiiis is the emoryo suid consists of at least tv/o cjIIs 
and prooably four or more. On the side of the enuryo toward 
the -nicropyl^i the sections represent one or two cells of the 
endosparm. In figure 14 the entpryo se^Dis to oe iiiiDedd.^d in 
the njxt endosp^r-ii cell out in the other section there is an 
endosperm cell on cither side of it. ITien, tov/ard the cnala- 
zal end from the euioryo there are tiiree or four c^lls. It is 
prooaole t'.iat tliere are not less than eiglit or more tnan elev-m 
cells in all in tne endosperm;- one cell at the cnalazal eni 

of tht; vmoryosac, four in tae ne^.t scjrios, two or four in tie 
(1) I.e., figs. 135-140, PI. IV. 
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nect, and one or two at the micropylar end* Thasa endosperm 
c:)lls ara large and plui^p. The nuclei are lax"?3, but not so 
prominent as those of the ejioryo. It doe3 not apoear that 
the eaioryo in its growth has as yet consumed much, if any, of 



the •^ndosjjrm. 



Iris versicolor. 



Tiie ovulw'S of Iris are arran:;ed in double rows in the 
three cavities of tne ovary. Ta^y ar3 anatropous and lie in 
the cavities of tho 07ari*:s so that the rapnes of any two of 
aoout the same heij;ht in one cavity, are adjaj.^nt to each othey. 
Tnis condition mi^ht make ona t.iink of them as lying bac'^ to 
oacA. - As the ovulcjs grow and oacome rapidly d^v sloping s^eds, 
they crowd each other greatly. They bc^come angular, ta:inp; 
the siiapo of th:-j space that each is aole to find for itself, 
so that when they are well d-3V3lop.-d into seads they ar ^ very 

irr liular. In this condition o le finds it difficult to dis- 
tiaguish, from aii e.turior viev;, one part fro.a another (figure 
27 & 28) . Th-j young ovales, hovrev^r, are ^yiite re^/ular and 
show the outer and inner integum:mts distinctly ( figures 16 
Gc 19). Durin^.; the earlier sta-;3S of d ;v.^lopiii j'nt tha nuccllus 
tissue is uuite a l^rve portion of the tissue of t:ie ovul 3 (fi^:- 



^u ^. 



ure lc,a, ..nd 24, a). And this tissue is very r^rcistent, 
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for some of it is still found in seads that are nsarly full 
grown (figUTcJS 27 and 28, a). 

In the outer inte-gumant and especially in the chalaza, 
there are many c:j11s partly or entirely filled with a substance 
that stains very densel7( figuras 29, a and b; 23, b; and 23, 
a). The protoplasm and nuclei of these cells have their 
usual appearance in cases in which they have not been entirely 
crowded out by this substance ( fig. 35.) 

rne i^bryosac of thes-j o>/ul3s is situated but one layer 
of cells dcj.ap in th:^ nucellus at the micropylar end and r-.^ tends 
Centrally into the nucc^llus. * The nucellus is continually thick- 
er aoout the emoryosac as one looks toward the chalazal end. 
The emoryosac is curved consid^^raoly corresponding to the 
curve of the anatropous ovale (figures 13 and 13), The embryo- 
sac at the time of f -.Tt il ization and later is very irre^^^ular 
in outline as onj ^lay sj3 by coxoarin;: fi^^ures 17 and 18. 
The f i ^"ur -^s r^pr^sent sections of the same I'moryoc-ac. Tliey 

are not adjoini.ir sections out are not liiore than three or 
four sijctions ajo't. The irre.:ularity of the: jiroryosac in 
later crowta may oe ooserved oy r'jf;Trinj to lij^ures 19, .20 
and 24. The increaso in size of tho embryosac has t'tTo causes: 
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the growth of tne ovuIj and the disintegration of its v/alls 
and the nucellar tissue. Tne walls ':ind the nucc;llar tissue 
do not brea'i down with equal ease in all parts. This is 
nicely illustrated in fig. 20, a in which the chalazal end 
of the original emoryosac forms a caecum in the sac of the 
later stages of development. The rudiments of the antip- ^ 
odal cells may still be se^n in this caccum. The irregu- 
larity of outline is at least partly due to this unejual 
disintegration. 



Fi^'urc 13,0 ropresints the e^;-; cjll, "the rudiments of 
the synerjidae at c, and the embryosac nucleus (a) in a stage 

of indirect division. The chromosomes are Vc^ry Jipoarent. 

In fi;i;ure 17, a the embryosac nucleus is plainly in the equa- ^ 
torial plate st^i^-e of mitotic division. The. barrel siiap.jd 
spindle is also plainly to oe seen hjr:;. This f i.ijur j is a 
more c-mtral S:.^ction of the same nucleus that is represented 
jn fi;ure IS, a. Consid .raol •; protoplasm is found in the 
region of tho e.aoryosac nueljus. 

xAC fir:3t staje of tae cnciosojrm formation in Iris is 
a free nucl ..ar fcr.iation. Tlie division of the euoryosac 
nucl:.'us( lig. 1 i% a,) is follow jd by a lar^-j numo^r of indi- . 
ract divisions of the daughter naclei. The nuclei so prod-i'C— 
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3d occuoy a oari^tal position in the ianoryosac in a s:ij'3t of 
granular protoplasm (figures 19-24). When the j.iibryo has 
uavelooad to eijrfnt and sixteen calls, there are four to six of 
these free .Mdospgrm nuclei in a siii-^l::? lon-*itudinal median 
saction of the embryosac ( figures 19 and 20). . \Ihen the 
embryo aas coma to consist of thirty-two to si :ty-four cells, 
the endosparm nuclei are greatly increased; there are four- 
teen to twenty-four in a single lonj;itudinal median section 
of the ovule ( figures 21-23). During thesi early sta.iC:; of 
the dciv^loomant of the aniosparm all of tha nuclei in aiiy o.ia 
•jnbryosac are is th^ saiu ■; stau^e of rest or division. Fi"^vire 
36 is a sketch of a nucleus of the endosporm of the saue section 
as fit^-ure ^2. It is multiplied 1550 diauetyrs. This nucle-is 
is at about the equatorial plate stave of division siid shows 
the spllttin.^ of the chrome so n:is. All of the -jndosp";rji nuclei 
in thrt sections of tais ovule are in that sta.i:e of division. 

In a later sta«-e of d .v =ilopm:^nt thes5 fri:-3 nuclei ar- much 
.uorj n-r.:;roas (fig. 24). Thc.y ara found ia greater nu.-.ibcrs 



in th;j rejion of thu e.ioryosac wnere tas nuc^llar tissue (fig. 
■.4,a) is ...o-t aDunda.nt. The nuclei in this re-ion are rop- 
rosontod in finiru 31, huI ti.li. d ■4;i5 dian-i^tc^rs. They liJ 
in a sh.-;:it, or, if ona c^ntsii .rs only the s .ctional view, a 
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band of granular protoplasm. It v/ill be noticed that tliuy 
are in a restin^; conditio.i. Phis is true of all L^v^ctions of 
the ovule in question. In sliapti thes3 nuclei ar.-^ a::iwOoid and, 
as a^wDoid nucl -i wore often found in this position a::id i: no 
other in this material, it is pi'ODaole that they aave to do 
with the trsnsmission of nutritive .iiatcrial from the nucellar 



tissue. 



In all of the ovules e:waQin3d the condition of the nu- 



cellar tissue shovrs that it is disinte^'ratim; a.id its product 
is oein.:^ utilized for the suo^ort of the developin^^ ^naDso::rm. 
Th.^ nucjllar tissue all aoout the developing" 'jnd.os^^orm pr-"^- 
sents a ra^^oi .-:^.;ii in s action (figs. 13.24). Fi-;ure 25, a 
reprjsents this cd^';3 of the nuc..-^llus as found at a fig. 22, 
multiplied 4^b ciamet^.rs. The cellulose walls are all that 
remain of those cells nearest the endosp:-rm. iParts of thr 
nuclei and protoplasm have gone from those a litle dor 3 re- 
iaote. raose still more r."^:iote are in a nor-nal co.iditio.i. 

rne samo conditions e:.ist in the nucellar tisirae that remains 
aear the chj,lazal end in the oldjr ovules, only i^ore intensely 
so as may be sjem by r^f erring; to fi :urr 32 which is a detail- 
ed description of a oortion of this micellus found at a, 
fj.-r. -J8. 
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In a considerable later stat>:e of thr?. d-v^j;lopmjnt of 
the endosperm than that descrioed aoov^, C3ll formation is found 
to have taken placj (figurjs 29, 30,and 37). More commonly 
than otherwise Va^ endosperm c-3ll3 are arranged radial-- 
ly in the -ambryosac. There is also ^s-n::rally a cavity in 
the interior (fig. JS) • Some sections, howevjr, do not show 
much of the radial structure (fig* 26), One set of sections 
shov/ed radiations of the endosp'^rm cells lik.-^ the rays of a 
palm leaf fan (fig. 27). It is probaole that these sjctions 
lacked thirty or forty degrees of Or^in^-- longitudinal. Still, 
this coula hardl^^ account for the difference between the radial 
and fan structure. Fie.;ure 57 ;-:ives a detailed view of the 
apovaranciJ of the endosp4;rm as sejn at c,fi;:.28. One of the 
nuclei* is in a siate of mitotic division. The arrangement of 
the cells in tne re_;ion of the :.mbryo is v -r^/ irr:;,:ular (fig- 
ures 29-30). Lk^iudiately nj::t to the ^iioryo the cells of 
the endosperm are disinto^.^ratin^. It is "orobable thit tlie pro- 
duct of this disinbC-.-vration is oein;* usjd to nourish the ^-:m- 
bryo. These enuo^'per-i cjIIs ai'e not very rich in 'iroto ;1 ^s.!i 
and food material at this sta.:e of their d )7 -jlopa.int. But 
the jndosD-.rm n ^xt to tiie nucellus in the r-.-:;ion of tac. cnalaza 
is quite d:;ns-i with protoplasm (fig. 34). The n'jcl 'ji in this 
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part are ^/ore or 1 ,ss ameboid and there are two of tlicn in 
sonie of the cells. In som^ ca:5es the.^j' tv/o nuul-ji s^ini to be 
fusing. Coll division in this rc-;ion is not quite compl --jto. 
In so:io of the sections Irtie nuol ai and protoplasm lie betwe^^n 
the jndosp'^rn and the disintc-i;ratin:; nucel'lus tissue of the 
caala^al rs.-icn (o,a, and c, i i^* 33)^ Th;:se nuclei ?re in 
most cascjs vjry irrc^:.:lar and the stain gives then a sli.-litly 
clouay appccirance. Evidence is ouite stroH;.: that thes^j I'r'^e 
nuclei and the protoplasm are not a part of the cniosp.r;:i or of 
the nucell3r tissue. It is possible that they are derived 
fro.u the antipoaal cells. And a^aia it is possible that they 
have the i.^aiiie origin as like nuclei and pro topi asia descrio.-d by 
Schaifner as observed in Sagittaria. He finds in Sagittaria 
that a divisio.i wall is put across the eiibryosac irrivdiattly 
after the first division of the endosper.i nuclc.us, and that 
"j.:^r ti tion^^ is jcruanant. The d'au.,ht'jr nvicl eus on t-:e micro- 
pylar sid3 of tl.is wall ^oes on in tne usual way to the for- 
L.ation of :Tiany /re..; nucl.^i. Ti\3 nMcl.;us on tue antipodal 
side di\/'id:.:s latc^r on so a..s to lorm t'.,o or three or pesL^ioly 
more nuclei. All those latter are Liach ;;nlL.r :;^.d. No fur- 
tht.r djv ;lop./* -;nt vvcs noticoA; out after c.ll r:r^ation had 

ta'\en olac3 on the .^i'jr '^ :)yl ar si Jo of th.^ o^ tne" :ar titi')n ' 

(1) End^sperai of Sagittari-^ var i:>.jil is,- Bot. Gozt-ttc, 
Apr. ibS ;' p. , 2:0. 
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wall,thesj tlire;::^ or nor :j c-.lls too'^. a v.^ry d^-^p stain. Schaff- 
nor ihin/:s these tur^:. or mors C3lls ..lay ..^av ^ sOiii.itiing to do 
with the transiiissioii of nutritive substances. In Iris Ciig. 
33, G> there is j^vid-mae that v/e have a similar condition 
and usc. 

L'.imy of tho cells of tho jndosp:?rm of thd advanc"^ sta:;:is 
d:jscribjd aoov :. (figs. 28, 29, 30 and o7) arc in vory active 
division stages. lliJ:^ endos-o?riii c ?1 i s that aj*e iivj -ains are 



thos:; lyinj tov/ard the outsid.. of the ^n'l j:: ? --r^d ncrs in dl 
dir:;ctions; and ii.ore .;sp:cially tow^ir .1 thu chalcizal re ;ion, 
but not iii:..-Lvuiat jly borujrin.^^* u.^on it. No Ci:.ll division v/as 
OJserv^d in the r<.;ion bord.-^r in.;* on the c:;ntral cavity; or 
in the center of the jndosp::rni mass when no cavity exists.:.. 
Thco.i:; di/iain,.: Cv:lU: ^rchioit 7ery j'.-:autifi\i mitotic i'i':ur€S 
in all sta.:cs (fi^ur-js o8-.45). In so::i? of th^: .arliest sta.-'es 
of divi'jion obs .rv d kinoplasuic fio^r.^ ar--i lyin^; iv. all dlr :ct- 
ions close aoout the nv..cl.:;.s, ^'ivin, the a: •' ;.ar^nc 3 of ?. z:n: 
01' j-^ltC'-i..;. J'o) . TlK.s : ar : tli-::; j^ib^rs l lat i little latvr 
xOViiL the o^irr-4 . • i ^ > d ".^in'.le cv*i-, .:9 ) • 'Hh.. nuclear "^ -./i- 



brane u-iy still b:. s.. ;n, ?-.lso a 1 ir<e nucl ol ;: but t.i-^ latti-r 
has not t."ic us;.\ul d;nsj c.-.r^;. .orance. It is nrcoaoly on tho 
v:r.'^ 0- ..uisint^..::rat.'..on. T]\c chr'/iiatin t rta". Lhs siorten .:^ 
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jnd thij..'^.ni.:l, but tnt: ids in it still .:how quite: distinctly. 

jL'lie r^lttd zon-e condition is djci :cu -^vr.J.ncj^ that a centra- , 

:';oi:i.* uO--3 not c:-.ist here, ±or f-.c kinoplas .ic rio.Ts, /;.t-on'i- 

ing ix^ all dirjctions 3.3 tLuy do; -plainly, do i^ot cou-. fron 

a c utros );.ie. The lact xi.at tne S'^indle is Darr^^l ;.lia.-^d is 

also ) >os'^:^ to the :)Ob;siDil ity o i* zhe jr.i^jnc:: o L' the c ;ntro- 

soiii-:.. Thw equatorial platt. sta>re cf xitotic division ( li-^- 

^JT'oZJ 03-40) oriisents a lar.'o n.iQO •:' ox chro.iicsc^-.s. Tao 

solit conaitioa oi the. chror.ioso.-ie is very 8'\ar'3nt i.i scio 



'■• r^ ».* 



lu^ lio.-.r^ or ta. t-jinu.lj ar:i uIiltI' -I and show -^uit 



aj;ci -dl.; in ^laivy Cc\s ..■ th.;ir attajluiiont to Llic o'^rorioro .ic. 

Fi-.:ur .s 41-4.3 r?"0':;:^ nt a nct^i^hcuso of ir.itotic division 
Ea'jh s'olit chroiiio::>(; le has o^-on si^oiratjd, ono h'ali j-coirig to 
00-. pol 3 and th-; tht.r 'lal f -.oin^ to che ot'i..r 3olo. T'l: 
retrr:at to the re :ion oC l\\j pol as is in oro-:r ss. 7hj di- 
spir -^ <ta:c^ i^ onv. of th ? ana')'ias/.7 of indir ct J.ivic.ion(f i^ 
43). lu this cast, the ror.Aa.tion of the o.ll plate is w 11 
bv"^n. T-.) :.inoplasiiiic fiD.r."; a.:. j;,:in.:in_: to :;io*f;n in a 
pla-i^. 'it ri^.ht ?.Vi.,'lrs tc to /.xis of th ^ o-irr^l - oino.] ; ani 
additional fio.rs c?r.. o ,xn ; ^"o::.. "I oc ell .arts ol th«- cv/.- 
ti^rial zoi.^. i:.o f:>i'i a - .^r t...: ■u:'^.;0">:. of .tinoi-: •".];. '/nc>.- 
t-ni:.g i^ tii.s,. fio v< In all aJz-ctions i:i th^. nan ^. T..i : 
formation of ta. s . n v; or auiaitional lioM-s s "is to o in- 
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xluuic^a oy the) nuol-i; ±ov iii^ nc:// iio. rs a-'o k /ot in con- 
n'jotiou V7it.i tile nuclei 07 otn-jr iioars. Ti.a.-' jTOc^^-j -jon- 
tinuc^s ojitil a cell wall is fcrnod ootr-^jn the aau^;l.t.:r nuclei 
and 3.. tends a-^ou^id to the //alls of the mother c-11 (Ti^urjs 
4i-'i5). Coll aivi:;ion is hr;r:-:5 conipl.;ted. 



G-.n..ral Su.u.iary -.uid Discussion of Thcori-js. 

i\Iaterial secured at ^r-. ^nhoisis is a^ a rulj uns-itis- 
fe^.ctory for the stud;/ 0.:* encioiv.:rn xomation. 0:ie should 
s :car3 ov-l1?s frou plants that are ?;rowias a'ld reoroducin; ia 
thjir natural ^.::viroTi:i-rnt; for such ovulcjs ar.-; l-z;^ lik-ly to 
bv- abortive. 

Endos;)cr:u in ..lo Jct.vjpi consists ql a lev cells, orob- 
aoli^" not more t..cui elviv.in. T:ijy -.tro olu;;-), b^inv^* v/^11 fill-:d 
vrith food /material. Tl^is-j o-/lls cTis-*: iro?. t.^a eno.os"o r:i 
nucleus. lli.ii divi'-:;ion 0? tho nuclv-us is indirjct an 1 is ac- 
oonjaniod oy c^.ll divi.ion. Ko "r- : nucl .^ar f 0:^:11 at ion tr3:*;s 



D 1 ac ^ • 



Dvirinr" th^ d ^vjloo/.i: nt Cx . 1.. ./.^S';: r^i in Iris tho nuo;lia' 



tissu.. di.s? nt:^ ':::att '=;. Tix . i^.-'o to^)l asn 01 tn^ 'T:A\in,; n '.os :m 
is io::t crn;;^ in ^hj r . -"ion vi t.i'^ ii,c-:llar tjsv.iv-; ra:c. tr.' 
nucl .i in this .^a^.^t ox tao ndos ;• r.i cu? ^ .' .: ' 0. id rr. 1 ^I'l \'/ ' v.. 
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These facts seem to show that the disintegrating nucellus is 
Deing used oy the endosperm for nutrition. 

The free nuclei of the early growth of endosperm in 
Iris are parietal in position. In whatever condition of rest 
or division one of these free nuclei of a given ovule may oe 
found; all others of the same ovule will oe found to be ia the 
same condition. 

After the cell formation which follows free nuclear 

ft 

formation in Iris is completed the endosperm continues to de- 
velop oy ordinary cell division. These dividing cells are 
very beautiful specimens for the study of the phenomena of 
indirect nuclear division. They show many facts of this di- 
vision Just ab well as the cells of the onion root tin or the 
pollen-mother-ceils of the larch. The felted zone stage de- 
scrioed aoove (fig. 38) affords decided eviaence for the con- 
firmation of the theory that the spindle in mitotic division 
in plant cells is not formed from a oentrosome or central body 
In the felted zone the kinoplasmic fibers e"^tend in a great 
variety of directions tangential to the spherical nucleus. 
This shows plainly that they do not originate from the poles. 
If centrosomes were present, the fibers would come 
from tv/o or possicly more poles; out it is incon- 



« 

wtivaol^ that if i.itv come fro^ V\^ ^.s'ntroh^o.i^ ^:, th-. y »f:ould 
lie in such a .^v .: ..t viiriety oi air actions. U.iless, incl id, 
Lh'wr"". v.'.r^ as n.any c nti^osour;:, as fio r^ /h-^ -*;.! is al tovc^tarr 
unli.iily. r:e xvltc.c zont^ is loM:-. \ oy tl.t i.iultipclar 
sjiUv.lc l: tc^_. V ; jat .''V . n ^1: i- .o c iit:*jf'>.io i .^. visiol.^. \ : r-n 
o... spi..ul •'. in th' n'ios^-Ti c-.lls Ox Iri-- i^ .ur.:."i, it ir 
baiT.l ^.L.-i:) ■::i (Tig. oo ) instr.ai ol J-;"u^lo con-: iih,vO"d a-^ in 
auL\ai CvjIIs vrh r: fi. cintrosou.-. j. ist:^. If t.ie o ntrosouu- 
'-:.dst'- vritn fic oarr.l .'-la d >'uiniii, tl^c^'j .lust b en ac -..ic"! 
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Ezplaxnatlon of Flgxires. 
These figures were drawn with the aid of the camera 
luclda and 1/16 oil li&merslon objective, and with the 



Leltz oculars. 



Monotropa hypopopltys. 



Fig. !• Longitudinal section of the three daughter cells of 

the macrospore-mother-cell^ X 425. 
Fig. 2. Same as flg.l, 21000. a and b the two cells that be- ^ 

come the emoryosac cap. c emoryosac with nucleus In equa- 
torial plate stage of division. 

Fig. 3. Two-nucleated stage of the embryosac, X 680* a em^ 
bryosac cap. Suclel In the resting condition. 

Fig. 4. Two-nucleated stage of the emoryosac, X 425« Huclel 
In the splrem stage of division. 

Fig. 5. Four-nucleate d stage of the embryosac, X 425. 
a embryosac tissue, b cap. 

Fig. 6. Four-nucleated stage of the embryosac, X 680. a em- 
bryosac tissue. Huclel In the resting stage, b nucle- 
ole. 

Fig. 7. Emoryosac, showing transition from four -nucleated to 
eight-nucleated stage, X 620. a and b nuclei In cell 
plate stage of division, c mlcropylar end of embryosac. 



^3. 



Fig. 8« Part of eoiDryosac in the same stage of development as 
that of fig. 7, X 620. a cap. 

Fig. 8. Fart of the emoryosac of the eight-imcleated stage, 
X 620. The upper part of this emoryosac is represented 
in fig. 10. a synergidae. b egg-nucleus of the antip- 
odal cells. 

Fig. 10. Fart of the embryosac in the eight-nucleated stage, 
X 620,- See fig. 9. a one of the polar nuclei. b the 
other two antipodal cells. 

Fig. 11. Part of the embryosac, X 425. a polar nuclei at 

the point of fusion. b egg-cell. c synergidae. e cap 

Fig. 12. Sknoryosac after fusion of polar nuclei X 240. c em- 
bryosac or endosperm nucleus, which resulted from the 
fusion. a egg-cell, or oosphere b synergidae. d one 
of the antipodal cells. 

Fig. 13. Skoryosac showing the two-celled stage of the endo- . 
sperm, X 240. a fertilized egg, or oospore. The 
cell wall has grown tubular. b endosperm cell. c cell 
wall across the endosperm separating the two endosperm 

cells. 
Pig. 14. Longitudinal section of young seed presenting five 
endosperm cells, X 240. e two cells of the embryo. 



47. 

a part of the embryosac not filled wltb endosperm cells 
Fig. 15. Longitudinal section of young seed showing eight 
endosperm cells, X 240. a embryo. b and c parts of 
the embryosac not filled with endosperm cells. 

Iris versicolor. 

Fig* 16. Longitudinal section of ovule, X 45. a nucellus. 

b mlcropyle. c outer Integument. e embryosac. f raphe. 

Fig. 17. Longitudinal section of embryosac, X 220. a embryo- 
sac or endosperm nucleus. d one of the antipodal cell3. 

Fig. 18 Longitudinal section of ^nbryosac, X 220. a endo- 
sperm nucleus. b egg-cell, or oosphere. c one of the 
synergldae. 

Fig. 19. Longitudinal section of. young seed, X 45. a young 
embryo. b embryosac containing, beside the embryo, six 
endosperm nuclei. c disintegrating nucellar tissue. 

Fig. 20. Section of young seed, X 45. a caecum containing 
antipodal cells. b disintegrating nucellar tissue, 
e emoryo. en endosperm. 

Fig. 21. Young seed, other than In figures 19 and 20, X 25. 

• - 

Fig. 22. Young seed, same age as In fig. 21, X 45. a dis- 
integrating nucellus tissue. b endosperm nuclei and 
protoplasm, probably shrunken from the parietal position 
by fixing. 
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Fig. 23« Young seed^ sthowiog again how the free .nuol«l and 
protoplasm have fallen away from the parietal position, 
X 45. 

Fig. 24. Young seed In longitudinal section considerably 



• •— • 



older than that of figures 21-23, X 45. a nuecllus. 

c chalaza. b free endosperm nuclei In parietal position 

Fig. 25. Some details of the disintegrating nucellus, taken 
from the point marked g fig. 22, X 425. a disintegrat- 
ing nucellus. b dividing line between the nucellus 
and the Inner Integument. 

Fig. 26. Longitudinal section of seed, considerably older 
than that of fig. 24, out not as yet fully developed, 
X 25. a densely stained cells In chalazal region. e 
emoryo. en very slight radial arrangement of endosperm 

cells. 1 Inner Integument. 

o o 

Fig. 27. Section of seed, prooably within 30 or 40 of being 

« 
« 

longitudinal, same age as that of fig. 26, X 25. o ou- 
ter Integviment. 1 Inner Integtment. en fan shaped 
arrai3gement of endosperm cells. a disintegrating nu- 
cellsur tissue. 
Fig. 28. Section of another seed, same age as that of fig. 

26, X 25. a nucellus. c radial arrangement of endo- . 

sperm cells, d central cavity. 
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Fig. 39* Detail of a part of the same section as tbat of 



fig. 26, X 57. c mlcropylar region. o outer Integu- 
ment. 1 Inner Integument. a and o cells of outer 
Integument filled with oily matter. 

Fig. 30. Still finer detail of figure 26, X 280. a endosperm 
cells in the region of the embryo. 

Fig. 31. Detail of the free nuclei and protoplasm as found 
at ^ fig. 24, X 425. 

Fig. 32. Detail of nucellar tissue In chalazal region, as at 
g fig. 28, X 450. a cell walls, contents of cells hav- 
ing disappeared. b normal nucellus cells. 

Fig. 33. Detail showing the condition In the chalazal region 
In many sections, X 425. d endosperm margin. a mar- 
gin of disintegrating nucellus. c tissue consisting of 
free nuclei and protoplasm and lying between endosperm 
and nucellus. 

Fig. 34. Detail of endosperm as seen at e fig. 28, X 425. 

Fig. 35. Detail of cells of the outer Integument and espec- 
ially of the chalazal region that have oily deposits 
In them, X 425. 

Fig. 36. Detail of one of the free nuclei of the endosperm 



* * 



as seen at o fig. 22, equatorial plate stage, X 1550. 
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